Abstract. The aim of this study was to investigate the influence of incorporating Bis-EMA4 monomer into experimental Bis-GMA/TEGDMA-based resin luting agents on the bond strength to dentin. Seven mixtures were prepared with the following ratios (wt%) of Bis-GMA/TEGDMA/Bis-EMA4: 50/50/0, 50/30/20, 50/10/40, 50/0/50, 30/10/60, 10/10/80 and 0/0/100. Camphorquinone (0.4 wt%), N,N-dimethyl-p-toluidine (0.8 wt%) and hydroquinone (0.2 wt%) were dissolved in each mixture, which was loaded with silanated strontium glass fillers to a constant content of 60 wt%. Bond strength was evaluated by microshear testing (n = 10) on bovine dentin. Data were submitted to Analysis of Variance (p < 0.05). Modes of failure were classified under magnification (200×). Bond strength means (MPa), respective to each agent,
Introduction
Over the past decade, the synthesis and characterization of inorganic-organic hybrid materials have received considerable attention [1] . In dentistry, the use of hybrid materials such as resin composites and luting agents is increasingly popular, mainly due to their aesthetics, low solubility and ability to bond to tooth structure. Formulations are generally a mixture of mono and dimethacrylate monomers loaded with silanated glass filler particles. Bisphenol A glycol dimethacrylate (Bis-GMA) is the most common monomer in the resin phase, presenting high molecular weight and low polymerization shrinkage [2] . Due to its high viscosity, the Bis-GMA is usually diluted with triethylene glycol dimethacrylate (TEGDMA) [2] . However, TEGDMA has been linked to increased water sorption and polymerization shrinkage [2] [3] [4] . In order to overcome the drawbacks of the dilution process using TEGDMA, ethoxylated bisphenol A glycol dimethacrylate (Bis-EMA) has been investigated as an alternative monomer [5] [6] . This is structurally analogous to Bis-GMA, but without the two pendant hydroxyl groups responsible for the high viscosity and water affinity of Bis-GMA. Therefore, the addition of Bis-EMA could minimize or eliminate the use of TEGDMA as a diluent comonomer, while potentially reducing the polymerization shrinkage and stress due to the higher molecular weight and lower mobility of Bis-EMA molecule compared with TEGDMA.
Previous studies reported that the monomers composing the organic phase might affect the properties of a composite, such as its viscosity, degree of conversion and curing shrinkage [2-4, 6, 7] . In addition, as distinct monomers may present different wettability, shrinkage stress and double bond conversion values, their bond ability to tooth structures, mediated by an adhesive system, might be different. However, the effect of Bis-EMA addition on the bond strength of resin composites to dentin is not well-established. Therefore, the aim of this study was to investigate the bond strength to dentin of experimental luting agents in which Bis-EMA4 replaced Bis-GMA and/or TEGDMA. The null hypothesis was that no significant difference in bond strength would be observed, irrespective of the monomers composing the luting materials.
Experimental
Seven experimental resin luting agents based on Bis-GMA, TEGDMA and/or Bis-EMA4 (Esstech Inc., Essington, PA, USA), were tested. The chemical structure of each monomer is shown in Figure 1 . Bis-EMA4 is analogous to Bis-GMA; however, the former has four ethylene oxide units substituting the two hydroxyl groups between the aromatic backbone and the insaturates. The formulation of all luting agents is shown in Figure 2 . Starting from a 50:50 wt:wt ratio blend of Bis-GMA and TEGDMA, different mixtures were produced in which Bis-GMA and/or TEGDMA were substituted by Bis-EMA4.
In order to make light-curing materials, 0.4 wt% of camphorquinone (Esstech Inc.) and 0.8 wt% of N,N-dimethyl-p-toluidine (Aldrich Chemical Co., Milwaukee, WI, USA) were dissolved in each mixture as photo-initiators. The proprietary monomers used in the study present an average of 0.03% of inhibitor. However, as a photo-sensitive curing initiation system was added to the mixtures, 0.2 wt% of hydroquinone (Aldrich) was used as a radical scavenger to increase the shelf-life of the materials. All chemicals were used as received, without further purification. Materials were loaded with silanated strontium glass fillers (Esstech Inc.), 0.7 and 2 µm in size, to a constant content of 60 wt% (1:1 of each size). Each material was labeled as R(G/T/E), where G = Bis-GMA wt%, T = TEGDMA wt% and E = Bis-EMA4 wt%. The percentage values are relative to the monomer fraction in the organic phase. For bond strength evaluation, bovine incisors were obtained, cleaned and stored in 0.5% chloramine-T solution for seven days. The teeth were then embedded in epoxy resin and their buccal faces were wet-ground with 180-, 220-, 400-and 600-grit SiC abrasive papers, in order to create a smooth, flat surface in medium dentin. The adhesive system Single Bond 2 (3M ESPE, St. Paul, MN, USA) was applied on dentin, according to the manufacturer's instructions. Absorbent paper was used to remove the excess dentin moisture. In order to obtain specimens for the microshear bond strength test, the experimental set-up shown in Figure 3 was carried out [8] . Customized 0.5 mm-thick elastomer molds, each with three Figure 2 . Formulation of the materials tested in the study cylinder-shaped orifices (1.2 mm in diameter), were placed in the teeth surfaces, allowing delimitation of the bonding area. After photo-activation of the bonding agent (quartz-tungsten-halogen lightcuring unit XL2500; 3M ESPE), the orifices were filled with each experimental luting agent, and a transparent polyester strip was placed over the filled orifices. Prior to the curing procedures, a constant and uniform 250 g cementation load was applied for 2 min, using a custom-made device. The output irradiance of the curing unit was 700 mW/cm 2 
Results
Results for the microshear test are shown in irrespective of the monomers composing the organic phase of the luting agents, no significant differences in bond strength were detected (p = 0.778). Table 1 also shows the results for the failure analysis. SEM pictures of fractured specimens are shown in Figure 4 . A predominance of mixed failures (Mode 3) was generally detected for all materials, except for R50/0/50, for which a predominance of adhesive failures (Mode 1) was detected.
Cohesive failures within the luting agent were not observed, irrespective of the material tested.
Discussion
The current outcomes showed similar microshear bond strengths to dentin for the different resin luting agents. Therefore, the null hypothesis was accepted. The distinct monomers present different molecular weight, chain flexibility and curing reactivity [2, [5] [6] [7] , implying that several properties of a composite might be affected by its components [9] . Although the bonding ability to tooth substrate could also be influenced by the composition of the agents [10] , the current outcomes showed no significant effect. For a resin-based composite, the main properties that might affect its bonding ability to tooth tissues are the degree of conversion, wetability and shrinkage stress. In fact, Xu et al. [11] reported that the higher the double bond conversion of a composite, the higher its bond strength to dentin. This might result from the better mechanical properties disclosed by more properly cured materials [9] , which could enhance the bonding to dentin. Previous tests with the same experimental luting agents tested here showed differences in the degree of conversion among materials [12] . Furthermore, during the mixing procedures for preparing the luting agents, replacing TEGDMA with Bis-EMA4 increased the apparent viscosity of the agents. Although both of these monomers are less viscous than Bis-GMA, this observation is related to the fact that Bis-EMA4 presents a higher molecular weight and structure stiffness than TEGDMA. Materials with high viscosity might present poor wettability with the substrate surface, potentially interfering with the bonding outcomes. Moreover, differences in the resin component might interfere with the shrinkage stress and the interaction of force vectors created during constrained polymerization, which may produce effects detrimental to the material being bonded, as a competition between contraction and bond is created [13] . Nonetheless, despite the above mentioned characteristics, no significant differences in microshear bond strength were detected among the experimental materials, suggesting that the bonding ability to dentin is less influenced by the components of the resin phase than other properties of the polymer.
Although it is known that polymerization shrinkage is related to double bond conversion, it has been demonstrated that the shrinkage stress development of a resin material depends not only upon its mass and properties, but also on the configuration-factor (C-factor) [14, 15] . The C-factor refers to a ratio of bonded to unbonded surface area in a cavity preparation. For example, a box-like cavity has five bonded surfaces and one unbonded surface, giving it a C-factor of 5, assuming all walls have the same surface area. During the polymerization stage, the maturing composite-dentin bond strength competes with the shrinkage stress of the setting material [14] . In situations where shrinkage stress exceeds bonding strength, debonding of restorations might occur, posing a risk to post-operative sensitivity and secondary caries. However, it is important to highlight that the experimental design of traditional bond strength tests allow the composite to be cured from a free surface, with low C-factor, and having the polymerization shrinkage restricted to one direction could minimize the development of setting stresses [14] . Therefore, further investigations on the current materials are required. In clinical practice, this situation could be relevant during the cementation of an intra-radicular post, for instance, as a high Cfactor condition would be established.
Results for the failure analysis were in general similar for all materials. However, more adhesive failures were verified for R50/0/50, with no cohesive failures within dentin. This result is probably explained by the high viscosity of this luting material, which might have interfered with its wettability to the bonding system surface, resulting in increased adhesive failures. In summary, the current outcomes indicate that the monomers composing the resin phase of resin luting agents seem to present no significant influence on their bonding ability to bovine dentin. Nonetheless, other properties need to be evaluated in order to known the characteristics of polymers derived from different mixtures of monomers.
Conclusions
The addition of Bis-EMA4 into experimental luting agents based on Bis-GMA/TEGDMA presented no significant influence on the bond strength to dentin. From this standpoint, Bis-EMA4 demonstrated to be a useful alternative in the development of resin luting agents.
